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M A N U S C R I P T A C C E P T E D
There is compelling evidence that higher educational attainment and longer 3 schooling are associated with better health and longevity. This association, consistent across 4 complete questionnaires about their health and socioeconomic circumstances. At the time of 1 this study, clinical data was available for 58,029 respondents. As detailed below, we restrict 2 our analysis to participants born at most 48 months before or after the cut-off for eligibility 3 to the reform (1 st of January 1953, N=18,915). 4 
5

Anthropometry, blood pressure and blood-based biomarkers 6
Participants were invited to a health examination, where anthropometry, blood 7 pressure and serum were collected. Quality control was in place to ensure the quality of 8 physiological data across different sites, details of which have been previously described 9
(Ruiz et al., 2016). 10
The clinical team measured weight, height as well as waist and hip circumference for 11 all respondents. Body mass index (BMI) was calculated as weight in kilograms divided by 12 height in meters squared. Blood pressure measurements (systolic and diastolic blood 13 pressure) were taken from each arm after a one-minute rest. Blood samples were taken from 14 all participants. They were instructed to fast 12 hours prior to collection, which was carried 15 out between 8 and 10 am. Blood sugar levels were assessed by fasting blood glucose, and 16 blood lipid levels by total cholesterol, high-density lipoproteins and triglycerides. Liver 
Socio-demographic characteristics 4
Socio-demographic information comes from self-administered questionnaires. 5
Educational attainment is categorized as primary, secondary and tertiary education. We 6 classify respondents' and parental social class as low (e.g. manual worker, child minder, 7 office employee), intermediate (e.g. teachers, nurses, technicians) and high (e.g. executives, 8 engineers, physicians). Marital status is defined as married, in a civil partnership, single, 9 separated, divorced or widowed. Country of origin is categorized as France (including 10
French oversea territories), elsewhere in Europe, Northern Africa and other. Monthly 11 household gross income is recorded as less than 450 euros, 450 to less than 1000 euros, 1000 12 to less than 1500 euros, 15000 to less than 2100 euros, 2100 to less than 2800 euros, 2800 to 13 less than 4200 euros and 4200 euros or more. 14 Constances records the highest educational qualification, but not the number of 15 years of schooling. This is problematic because the Berthoin reform increased the number of 16 years of schooling, but had no effect on qualification attainment (Grenet, 2013) . To 17 document the effect of the reform on years of schooling, we therefore use data from the 18 conducted by the French National Statistical Institute, the INSEE. We use data on the age at 21 which respondents left full-time education to document the impact of the reform on school 22 leaving age and years of completed schooling. We include in our analytical sample 23 respondents born within three years of the reform. We focus only on data from the first 24 M A N U S C R I P T
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interview, so that we only have one observation per individual. Our analytical sample to 1 look at the effect of the reform on school leaving age using the French LFS includes 72,133 2 individuals born up to 48 months before or after the reform. 3
4
Study design 5
We analyze the effect of the Berthoin reform on each biomarker using a regression 6 discontinuity design (RDD), an econometric approach increasingly used in epidemiology policy implementation rules which assign individuals to receive the intervention or not 10 depending on whether they fall above or below an arbitrary cut-off (in our case date of 11 birth). Observations closely above an arbitrary cut-off are eligible to the reform, while those 12 closely below the same cut-off are ineligible. Under a number of assumptions, the 13 'exogenous' sharp increase in compulsory school leaving age induced by the reform at the 14 cut-off of the 1 st of January 1953 allows us to investigate the causal relationship between 15 schooling and a range of biomarkers. Following Albouy and Lequien (2009), we select 16 individuals born at most 48 months before or after the Berthoin reform (born between 1950 17 and 1955, N=18,915) . We estimate the discontinuity in the average school leaving age 18 induced by the reform by comparing cohorts born before and after the cut-off for eligibility. potentially not all individuals complied with the law and dropped out of school earlier than 7 age 16. Our results can therefore be considered as 'intent-to-treat' estimates, as they conflate 8 the effect of eligibility to the reform among both respondents who increased their schooling 9 duration in response to the reform and those who did not. 10
The validity of this approach relies on two key identifying assumptions. First, it assumes that 11 individuals cannot manipulate the value of the treatment variable, so that eligibility to the 12 reform is as good as random for observations close to the cut-off. To our knowledge, there 13 is no evidence of manipulation as eligibility was based on the date of birth of children who 14 were six at the time the reform was announced. Second, it assumes that the outcome would 15 have been continuous at the cut-off in the absence of the reform. Although it cannot be 16 directly tested empirically, we provide some evidence in support of this assumption in 17 sensitivity analyses. 18
We test whether the effects differed by parental social class by stratifying all our analyses. We 19 also investigate whether the effects differed by gender. To address multiple hypothesis 20 testing, we implement a set of adjustment methods (Bonferroni-Holm, Sidak-Holm and 21
Westfall-Young) using the wyoung command in Stata (Jones, Molitor, & Reif, 2018) . the distribution among the healthiest). We estimate QTE at each decile of the distribution 10 of biomarkers, and present results graphically. 11
All analyses were conducted using Stata 14. 12
13
Results
14
Table 1 displays the sample characteristics, by eligibility status to the Berthoin 15 reform. The eligible and ineligible groups were broadly similar in terms of pre-reform 16 characteristics, including gender and parental social class during adolescence. As eligibility is 17 based on the date of birth, respondents from the control group were older (mean=63.67) 18 than the treated group (mean=59.72). 19 
20
Appendix Table 1 shows OLS estimates of the association between educational 21 attainment and individual biomarkers. It confirms that in our sample, higher education was 22 consistently associated with healthier biological profiles. 23
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We now turn to our estimation of the effect of the Berthoin reform on biomarkers 1 using an RDD. We start by examining the impact of the reform on schooling duration using 2 the French Labor Force Survey. Figure 1 shows the discontinuity in school leaving age for 3 the cohorts born before and after 1 st January 1953. The dotted line represents the cut-off for 4 the first cohort affected by the reform. There is a clear discontinuity in school leaving age 5 induced by the reform. These results are confirmed in Table 2 , which summarizes the 6 impact of eligibility to the reform on school leaving age and the odds of living school after 7 the age of 16. As anticipated, the impact of the educational reform was concentrated among 8 those coming from low social class families, the group most likely to otherwise have 9 dropped out of school early. In this group, the reform increased the average time spent at 10 school by an average of 3.9 months (95% CI 2.448 to 5.364) and the odds of leaving school 11 after the age of 16 by 87.7% (OR=1.877, 95% CI 1.697 to 2.077). 12 Table 3 displays the effect of eligibility to the reform on individual biomarkers. In analyses 13
for the total sample, as well as for those from intermediate or high parental social class, the 14 reform had no impact on biomarker profiles. Among respondents from low parental social 15 class, eligibility to the reform that raised compulsory schooling from age 14 to 16 years led to 16 increased BMI, waist circumference, waist-hip ratio, systolic and diastolic blood pressure, 17 triglycerides, white cell count, and hematocrit, all in the direction of less healthy profiles for 18 those eligible for the reform. After correction for multiple testing, eligibility for the reform 19 indicate that there are negative effects which are constant throughout the distribution, except 10 in the very lowest and highest deciles. 11
12
Sensitivity analyses 13
One of the key assumptions of RDD is that the outcome probability is continuous at 14 more students could get a high school diploma and pursue higher education than would 22 have been possible otherwise (Maurin & McNally, 2008) . We speculate that higher 23 graduation rates for this specific cohort might also have positive effects on health later in 24 M A N U S C R I P T
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life. Three placebo reforms yielded significant effects for white blood cells counts -our 1 results on this outcome should consequently be interpreted with caution. 2
Our RDD results for blood pressure and white blood cells counts are robust to different 3 specifications, including a higher order polynomial (Appendix Table 3 ), the use of 4 triangular kernel weights to give more weight to observations closer to the eligibility cut-off 5 (Appendix Table 4 ), and different bandwidth sizes around the cut-off (Appendix Figure  6 4). 7 8
Discussion 9
In this paper, we exploit a reform implemented in 1959 in France to estimate the 10 effect of extending compulsory schooling age from 14 to 16 on biological risk profiles 11 decades later. Although there is a clear association between higher educational attainment 12 and lower biological risk profiles in our sample, our results also indicate that a policy that 13 increased schooling duration did not translate into improved health as measured by 14 biomarkers. We find no evidence of health benefits for participants from intermediate and 15
high parental social class, and we find some evidence that the reform may have had negative 16 effects on blood pressure and white blood cells counts for respondents from poorer families. Table 5 ). The negative effect of the 7 reform on blood pressure remains under the high-risk threshold but might be indicative of 8 underlying physiological processes in the exposed population that may manifest in poorer 9 health in the long run. Indeed, clinical evidence shows that pre-high range levels of diastolic 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
impacted the bottom of the distribution (i.e. it reduced the proportion of respondents 1 leaving school before the age of 16) but had no effect on the rest of the distribution, which 2 would have been indicative of a longer-term effect on access to higher education for 3 example. The contrasted effects of the Berthoin reform suggest that skill formation may be 4 more important than the amount of time spent in school. 5
6
A related explanation comes from the limited effects of the reform on educational 7 credentials (Appendix Table 6 ), which may be more critical than schooling duration to 8 achieve better health outcomes. This would be consistent with the 'sheepskin effect', the idea 9 that it is educational credentials which may potentially benefit health, and not the number of common pathway for children from poor families at the time of the reform -as these were 17 only awarded at the end of the three-year vocational school curriculum, two years after the 18 new minimum school leaving age. In the French context, where examination-based diplomas 19 validate the completion of upper secondary schooling, education credentials may be an 20 important factor to consider when assessing the health impact of law-mandated increases in 21 compulsory schooling. Health returns on schooling might be higher when these reforms 22 induce a significant increase in graduation rates for diplomas which validate skill acquisition 23 and increase earnings (Grenet, 2013) . It is also possible that the return on education is lower 24
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in France than in other countries such as the United States because of the generous 1 redistribution and welfare system. Future research should investigate whether policy changes 2 that led to higher graduation rates might have different effects on health (Etile & Jones, 3
2011). 4 5
A third explanation for the lack of positive health effects comes from the limited effects of 6 the reform on labour market outcomes (Grenet, 2013) . Education is hypothesized to 7 influence health partly by enhancing access to health-promoting resources such as 8 knowledge, social networks and better jobs and earnings. Previous evidence suggests that the 9 reform did not lead to substantive improvements in these social and economic outcomes 10 (Grenet, 2013). Supplementary analyses confirm that longer schooling did not translate into 11 better wages (Appendix Table 6 
2016). 2
A first limitation is that our data are cross-sectional. However, our estimates focus 3 on the impact of a reform affecting participants at a young age, long before biomarkers were 4 collected in adulthood. Second, previous research has shown that a number of individual 5 demographic, socioeconomic and health characteristics are associated with participation in 6 the Constances cohort (Santin et al., 2016) . In supplementary analyses, we showed that our 7 estimates were robust to the inclusion of calibrated weights based on population totals from 8 the LFS (results available upon request). Differential response rates by month of birth -the 9 key variable on which eligibility to the reform is defined -would be a potential threat to the 10 internal validity of our results. We found no evidence of significant differences in response 11 rates between the eligible and ineligible cohorts (results available upon request). Another 12 potential concern is that we cannot observe the effect of the reform on school leaving age in 13
Constances. However, we carried out additional analyses that compared the impact of the 14 reform on educational attainment between Constances and the French LFS. Results 15 presented in Appendix Table 6 indicate that the reform had nearly identical effects in the 16 two surveys. Fourth, our RDD estimates should be understood as the long-term effects of a 17 reform which only impacted respondents from low parental social class and those who 18
would have left school earlier in the absence of the reform. These estimates cannot be 19 extended to other cohorts or respondents whose time spent in school was not affected by 20 the Berthoin reform. They also provide no information about other policies that may be 21 more effective to shift the educational distribution towards higher educational attainment 22 represents the average school leaving age for a specific month of birth, which are included 7
are the distance between a respondent's month of birth and the eligibility cut-off (e.g. -12 8 corresponds to the average school leaving age of respondents born in January 1952). The 9 fitted lines represent the linear trends for our analytical sample: respondents born up to 48 10 months before or after the reform. 
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Research highlights
• We provide new evidence on the effect of compulsory schooling reforms on biomarkers • Increased schooling duration was not associated with improved biological profiles • It led to increased blood pressure and inflammation in respondents from poor families • Trade-offs of schooling policies as tools to improve health need to be considered
